Direct evidence of half-metallic density of states is observed by scanning tunneling spectroscopy of ferromagnetic L~,7C~.3Mn03 and Lal-x Srx MnOs (X = 0.3, 0.33) epitaxial films which exhibit colossal magnetoresistance (CMR). At 77 K, well below the Curie temperatures, the normalized tunneling conductance (dI/dV)/(I/V) for all samples exhibits similar pronounced peak structures, consistent with the spin-split density of states spectra for the itinerant bands in the ferromagnetic state. The exchange energy split of the majority and minority spins, and the energy gap in the minority bands, show variations with the chemical composition and the temperature. For comparison, the tunneling spectrum of a half-metallic ferrimagnct Fe 3 0 4 is also studied. The characteristic spin-split density of states spectrum is observed, and the similarities and differences of Fe 3 04 compared with the perovskite rnanganites are discussed.
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characterized by a renorrndized quasi-particle disPcrsion [19] . In this work, we study the tunneling spectroscopy of the magnetic epitaxial films by measuring the tunneling current as a function of the sample bias voltage. All measured spectra are highly reproducible, and the characteristics are essentially independent of the junction impedance, ranging from high impedance w 100MQ to low impedance N lMQ. We use pararnagnetic Pt for the tunneling tip to prevent possible complications in revealing the magnetic properties of the samples.
The main panels of Figs.1-3 illustrate the differential conductance, (dI/dV)/(1/V), normalized with the standard formalism given in Ref. [18] , as a function of the bias voltage (V) for L~.TC~.sMnOs (LCMO), Lrw.GTSro.ssMnOs (LSMO), and Fes04 films at T = 77 K, respectively. The insets depict the corresponding data taken at T = 300 K. Similar measurements have also been conducted on the L~.7Sro.3Mn03 sample, and the results are qualitatively similar to those obtained on the L~.cTSrO.ssMnos sample, although small quantitative differences exist. These quantitative variations are given in Table I .
Several important features of the data are noteworthy: First, two large peaks, which correspond to the density of states of the majority and minority carriers energetically separated by the on-site exchange energy, are clearly visible in each sample at 77 K. These features disappear at room temperature. Second, near zero bias voltage, the normalized differential conductivity appears to be zero for each sample at 77 K, suggesting the existence of a small energy gap AEG near the Fermi level, characteristic of the half-metallic behavior [4] .
Furthermore, AE G is the largest in LCM() and the smallest in Fes OA. Third, in the case of perovskite manganites, the exchange energy splitting AE~l for the same alkaline earth doping level z = 0.3 is larger in L%.TSrO.shflnOs than in Lm.TCm.shflrlOs, (see Table I ).
For the Sr-doped manganites, on the other hand, the exchange energy splitting is larger in L%.6T%0.ssMnOs than that in Lti.TSro.sMn03. Fourth, we note that the bandwidths of the majority and minority bands are significantly narrower in the LCMO system than those in the LSMO system. Finally, the exchange enmgics AEC= in the pcro~~skite manganites are significalltly larger than that in magnetite Fe 3 0 4 , as summarized in Table 1 .
Next, we consider the ~)llysical iIIlpliCi~tiOIls of our tuIlne]illg data taken mi these HMF epitaxial films. 011 tlic issue of increasing AE~= w'itll tile ixlcrcasillg alkalixle dopixlg lcve] in the ferromagnetic state of perovskite manganitcs, we note that the ratio of Mn4+ ions (e~tjg) to Mn3+ ions (e~t~~ ) increases with increasing x, and that the energy difference between the e~-and i29-orbitals results in a larger on-site exchange energy for the Mn4+ ions than for the Mn3+ ions. Hence, AE,Z increases with increasing x, which is also consistent with the increase of Z'c.
Regarding the enhanced AE,r and reduced AE G from the Ca-doped manganites to the Sr-doped manganites, we note that the smaller ionic size of Ca2+ results in a larger degree of lattice distortion from the ideal cubic structure [20] . There are two important consequences of the larger degree of lattice distortion. First, stronger electron localization occurs near the Ca2+ site, thereby increasing the density of localized minority carriers and reducing the density of mobile majority carriers. Hence, the conductivity of LCMO is smaller relative to that c)f LSMO, and the double exchange interaction between the neighboring Mn3+ and Mn4+ ions [21, 22] , which is responsible for the ferromagnetism of these doped manganites [20] [21] [22] , is also wealiened in the case of LCMO. Both the Curie temperature Tc and the exchange energy AE~Z therefore decreases with the decreasing alkaline earth ion size, consistent with our experimental observation. Second, a larger deviation from the cubic structure also results in stronger hybridization of the Mn t2~-orbital and the oxygen p-orbital. The stronger p-d hybridization is believed to enhance the half-metallicity of the nlanganites [4, 6] , yielding a larger energy gap in the minority bands. This argument is consistent with our observation of a larger energy gap AE G in the minority bands of LCMO relative to that in LSMO.
Comparing the exchange energy split ting of the perovskite manganites with that of magnetite Fe 3 0 4 , we note that the ferromagnetic exchange interaction for Fe2+ (e~t$~) and FC3+ (e~t~~ ) at the B-site of the spinel lattice [5] is compensated by the antiferromagnetic exchange interaction between the A-site and B-site Fe3+ ions [5] . HeI~c.e, the resulting exchange energy split between the minority (associated with the A-site ions) and majority (at HC-10 
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